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Lanthanides (Ln) are remarkable elements. As the valence electrons in the 4f shell are 
shielded from the environment by filled 5s and 5p shells in the case of lanthanide ions, unique 
physical and chemical properties are found. In particular, systematic behavior in the electronic 
structure emerges. 
 
This systematic behavior can be used to set up empirical relations to describe the electronic 
structure of lanthanide ions [1]. Because these ions usually show luminescence upon 
incorporation of in inorganic matrices, a large number of empirical rules are already available 
describing the optical and luminescence properties of lanthanide defects. It has even become 
standard practice to obtain the electronic structure of a lanthanide doped semiconductor or 
insulator, purely from optical spectroscopy [2]. 
 
In this work, empirical energy level modeling is applied to the lanthanide doped alkaline earth 
thiogallates CaGa2S4 and SrGa2S4. These sulfides are well-known for their excellent 
luminescence properties upon lanthanide doping [3-4]. The crucial parameters, describing the 
electronic structure and optical properties of these compounds are calculated from optical 
measurements. In addition, a dedicated uncertainty analysis is carried out to pinpoint the 
accuracy of the obtained parameters. 
 
By comparing the obtained energy level schemes and the luminescence spectra of these 
compounds, it is shown that CaGa2S4:Ln behaves as an ideal case concerning the empirical 
rules. In contrast, SrGa2S4:Ln shows a behavior which cannot be explained from the energy 
level schemes. It is argued that the local geometry of the Ln
3+
 defect is different in the case of 
Ce
3+
, compared to the other Ln
3+
. The repercussions of this deviating behavior on the energy 
level scheme are discussed.  
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